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Abstract

Background:Alpinia purpurata has shown promising effects in alleviating inflammatory conditions; however, its underlying

mechanisms require further investigation.

Objectives: This study aimed to elucidate the molecular mechanisms underlying the anti-inflammatory activity of A.

purpurata rhizome extract (EEAP) and its active metabolites through the TLR4/MyD88 pathway.

Methods: The EEAP was analyzed for proximate composition, vitamin C content, total phenolic content (TPC), total flavonoid

content (TFC), total monomeric anthocyanin content (TMAC), and metabolite profile, followed by a network pharmacology

analysis. Cytotoxicity was evaluated in HEK-293 cells. An in vivo study of carrageenan-induced paw edema in rats was conducted

to validate the findings.

Results: EEAP contained 42.12% ash, 34.66% moisture, 6.03% protein, 16.60% fat, and 0.59% carbohydrate. The vitamin C content

was 941.55 mg/100 g extract, the TPC was 452.9 mg GAE/100 g extract, the TFC was 416.1 mg QUE/100 g extract, and the TMAC was

2770 mg/100 g extract. Functional enrichment analysis identified the TLR4/MyD88 signaling pathway as contributing to IL-23

production. Eight metabolites with anti-inflammatory properties were verified based on their Pa values: glycidyl oleate, 1-
stearoylglycerol, alpha-linolenic acid, methyl palmitate, shogaol, 4-methoxybenzaldehyde, ginkgoneolic acid, and curcumene.

EEAP was not toxic to HEK-293 cells (IC50= 741.1 μg/mL) compared with quercetin (IC50= 96.73 μg/mL) and cisplatin (IC50= 7.44

μg/mL). EEAP reduced edema volume but did not alter TLR4 or MyD88 expression under the present experimental conditions.

Conclusions: EEAP is not toxic to normal cells and exerts an anti-inflammatory effect by reducing edema volume in

carrageenan-induced rats; however, it does not alter the TLR4/MyD88 pathway.

Keywords: Alpinia Species,  Drug Discovery,  Inflammation,  Quercetin,  Shogaol,  Zingiberaceae

1. Background

Plant-derived polyphenols, flavonoids, and other
secondary metabolites are actively characterized and

studied for their anti-inflammatory properties (1).
Alpinia spp. (Zingiberaceae) are used as spices and in
folkloric medicine for the treatment of inflammatory
disorders, but rigorous experimental substantiation
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remains limited (2). Reported activities include
antioxidant effects, suppression of pro-inflammatory
cytokines, improvements in gastrointestinal disorders,
and enhanced ulcer healing (3).

Among these species, A. purpurata is particularly
notable. An ethnobotanical survey in South Jakarta
found that it had the highest utility value and fidelity
level, indicating broad recognition and consistent use
for specific ailments (4). However, its bioactive
constituents and mechanisms remain incompletely
defined. GC-MS profiling has identified 42 essential-oil
components in Brazilian A. purpurata flowers,
dominated by alpha-pinene, beta-pinene, and beta-
caryophyllene (5); 13 compounds in flowers from Tamil
Nadu (6); and a fatty alcohol compound in n-hexane leaf
extracts (7). Rhizome extracts contain alpha-pinene,
beta-pinene, 1,8-cineole, (E)-methyl cinnamate, and
multiple gingerols/shogaols (2).

A few studies have reported the anti-inflammatory
and immunomodulatory activities of A. purpurata (8). In
one study, lectin from the inflorescences induced the
release of Th1 (T-helper cell type 1) and Th17 cytokines
and activated IL-10 production (8). Intracellular
inflammatory pathways are activated by toll-like
receptors (TLRs) through interactions between their TIR
domains and adaptor proteins, such as myeloid
differentiation factor 88 (MyD88) (9).

2. Objectives

The present study aimed to elucidate the molecular
mechanisms underlying the anti-inflammatory activity
of A. purpurata rhizome extract (EEAP) and its active
metabolites via the TLR4/MyD88 pathway by integrating
metabolite profiling, phytochemical analysis, network
pharmacology, cytotoxicity testing, and in vivo
assessment in carrageenan-induced rat models. The
primary outcomes were edema volume and TLR4 and
MyD88 expression.

3. Methods

3.1. Plant Collection and Identification

Whole plants and rhizomes of red galangal were
collected in Lembang, West Java, Indonesia, in March
2024. Botanical identification was performed by Arifin
Surya Dwipa Irsyam (Scopus ID: 57211286941), a certified
botanist at the School of Life Sciences and Technology,
Bandung Institute of Technology, Indonesia. The
material was authenticated as Alpinia purpurata (Vieill.)
K. Schum. (Zingiberaceae), and a voucher specimen was
deposited (No. 2063/2024).

3.2. Extract Preparation

Approximately 10.84 kg of fresh rhizomes were
washed using standard pharmacognosy laboratory
procedures, chopped, and air-dried for 6 days, yielding
900 g of dried material. The dried rhizomes were milled
to obtain 840.21 g of coarse powder. Maceration was
performed with 70% ethanol for 3 × 24 hours at 26 ± 2°C,
with continuous stirring during the first 6 hours of each
cycle and solvent replacement every 24 hours. The
combined filtrates were filtered and concentrated
under reduced pressure using a rotary evaporator
(Büchi R-300) at 50°C and 70 rpm, yielding 61.11 g of
ethanolic extract (EEAP).

3.3. Proximate and Vitamin C Analyses

Proximate and nutritional analyses of EEAP were
performed at the Test Service Laboratory, Faculty of
Agricultural Technology, Universitas Padjadjaran. All
analyses followed Indonesian National Standard SNI 01-
2891-1992 and AOAC Official Methods of Analysis (2023).
Carbohydrate content was calculated by subtracting the
sum of moisture, ash, protein, and fat from 100 g of
sample.

3.4. Total Phenolic Content, Total Flavonoid Content, and
Total Monomeric Anthocyanin Content

The TPC of EEAP was determined using the Folin-
Ciocalteu method (The Ministry of Health of the
Republic of Indonesia, 2017). EEAP (0.2 g) was dissolved
in methanol (25 mL) and stirred for 30 minutes. An
aliquot (1 mL) of EEAP was mixed with 7.5% (w/v) Folin-
Ciocalteu reagent, incubated for 5 minutes at room
temperature, and then combined with 10% (w/v) sodium
carbonate; absorbance was measured at 730 nm. TPC
was calculated from a gallic acid calibration curve (20 -

40 μg/mL; y = 0.0151x - 0.0034, R2 = 0.9942) and
expressed as mg gallic acid equivalents (GAE)/100 g dry
weight of EEAP.

TFC was determined using the aluminum chloride
(AlCl3) colorimetric assay (The Ministry of Health of the

Republic of Indonesia, 2017). EEAP (0.2 g) was prepared
in ethanol (25 mL). An aliquot (0.5 mL) was reacted with
10% (w/v) AlCl3 in ethanol and 1 M sodium acetate (0.1

mL), incubated for 30 minutes at room temperature,
and measured at 440 nm. The TFC was derived from a
quercetin standard curve (20 - 60 μg/mL; y = 0.008x -

0.013, R2 = 0.9987) and expressed as mg quercetin
equivalents (QUE)/100 g dry weight of EEAP.
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TMAC was determined using the pH differential
method (10-12). The EEAP (250 mg) was dissolved in
distilled water (50 mL) and separately diluted with
0.025 M KCl buffer (pH 1.0) and 0.4 M sodium acetate
buffer (pH 4.5). After 30 minutes at room temperature,
samples were centrifuged (7000 rpm, 15 minutes, 4°C),
and supernatant absorbance was recorded at 520 and
700 nm.

3.5. Metabolite Profiling by Ultrahigh-Performance Liquid
Chromatography-High-Resolution Double Tandem Mass
Spectrometry

Metabolites in EEAP were analyzed using an
ultrahigh-performance liquid chromatography-high-
resolution double tandem mass spectrometry (UHPLC-
HRMS/MS) system. Chromatographic separation was
performed on a Thermo Scientific Vanquish UHPLC
Binary Pump equipped with an Accucore Phenyl-Hexyl
column (100 mm × 2.1 mm, 2.6 μm) maintained at 40°C.
The mobile phases were MS-grade water with 0.1% formic
acid (A) and MS-grade methanol with 0.1% formic acid
(B), delivered at 0.3 mL/min under gradient elution: 5% B
to 90% B over 16 minutes, held at 90% B for 4 minutes,
and then re-equilibrated to 5% B for 25 minutes. Data
were acquired in full-scan mode with data-dependent
MS/MS for structural annotation. Metabolites were
tentatively identified by matching spectra to online
libraries, including MzCloud
(https://www.mzcloud.org/), ChemSpider
(https://www.chemspider.com/), and PubChem
(https://pubchem.ncbi.nlm.nih.gov/).

3.6. Network Pharmacology

3.6.1. Gene-Disease Association

Target genes were selected based on their association
with the disease of interest using databases such as
GeneCards (https://www.genecards.org/), a general gene-
centric database, or DisGeNET
(http://www.disgenet.org/), a highly specialized database
with highly curated gene-disease associations (GDAs)
(13).

In this study, GDAs for inflammation were retrieved
from DisGeNET by querying “inflammation” using
default parameters. Genes linked to inflammation were
compiled together with the disease specificity index
(DSI), disease pleiotropy index (DPI), and gene-disease
association score (GDAS) (14).

3.6.2. Protein-Protein Interaction Network

Protein-protein interactions involving TLR4 and
MYD88 were constructed using STRING (15), with a
confidence threshold of 0.7, which is expected to
represent a high-confidence cutoff for including
interactions in the analysis. TLR4 and MYD88 were
queried with Homo sapiens specified as the organism,
and the resulting interaction network was visualized as
nodes (proteins) and edges (interactions).

3.6.3. Gene-Disease Expression Enrichment

The Enrichr library
(https://maayanlab.cloud/Enrichr/) was used to evaluate
enrichment of inflammation-related diseases and
associated gene-expression signatures for the target
proteins and their co-expressed genes, supporting the
mechanistic interpretation of inflammatory pathways.
Default parameters were used as follows: organism,
human; number of terms returned, 50; and input
format, gene symbols in a plain-text list (16).
WikiPathways 2024 Human and KEGG 2021 Human
enrichment analyses were used in this study to obtain a
comprehensive list of target genes and their associated
biological functions.

3.6.4. In Silico Bioactivity Prediction

Putative anti-inflammatory activity of the 30 most
abundant EEAP metabolites was predicted using PASS
Online (Way2Drug). SMILES strings were submitted for
each metabolite, and predictions were interpreted using
Pa (probability of activity) values (17). Activities with Pa >
0.7 were considered highly likely to be experimentally
confirmed, whereas Pa < 0.5 indicated a low likelihood
of activity (18). In this study, only the 30 most abundant
metabolites were further analyzed in the network
pharmacology analysis. Studies often integrate
metabolomics with network pharmacology to prioritize
metabolites based on abundance or relevance. For
example, a recent study on stress-relieving plants
identified 100 metabolites but focused only on
prominent ones for protein targets and pathways (19).
Another study of Dendrobium officinale identified 628
metabolites but selected only 29 differential metabolites
with potential pharmacological activity for network
pharmacology analysis (20).

3.7. Cytotoxicity Assay in HEK-293 Cells

HEK-293 cells (ATCC CRL-1573; Pharmacy Translational
Research Laboratory collection, Faculty of Pharmacy,
Universitas Padjadjaran) were maintained at 37°C in a
humidified 5% CO2 incubator in DMEM supplemented

with 10% fetal bovine serum and 1% penicillin-
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streptomycin (Gibco 670087). At approximately 80%
confluence, cells were washed twice with PBS, detached
with 0.25% trypsin-0.53 mM EDTA, and used for
cytotoxicity testing.

The EEAP cytotoxicity was assessed using a Cell
Counting Kit-8 (CCK-8; WST-8, CK04 - 11, Dojindo Europe)
assay. A stock solution was prepared by dissolving EEAP
in 1% DMSO in DMEM and serially diluting it to obtain
final concentrations of 7.812 - 1000 μg/mL. Quercetin and
cisplatin were evaluated as comparator compounds
using the same assay workflow. The vehicle control
consisted of 1% DMSO in culture medium without the
test extract. IC50 values were calculated using GraphPad

Prism 10.

3.8. Effects of EEAP on Carrageenan-Induced Edema in Male
Wistar Rats

3.8.1. Animal Handling, Allocation, and Ethical Approval

The study was not prospectively preregistered in a
public registry but was conducted under institutional
ethics approval. All animal procedures were approved
by the Research Ethics Committee of Universitas

Padjadjaran (approval No. 1165/UN6.KEP/EC/2024;
approved November 7, 2024), complied with the Guide
for the Care and Use of Laboratory Animals (8th ed.;
NRC, 2011), and followed ARRIVE 2.0 reporting
guidelines. A total of 45 male Wistar rats (6 - 8 weeks old;
200 ± 20 g) were obtained from the Animal Breeding
Facility, Division of Animal Laboratories, PT Biofarma
(West Java, Indonesia), and housed at 24 ± 2°C and 55%
relative humidity under a 12-hour light/dark
photoperiod in cages (52 × 45 × 45 cm) with wood-husk
bedding, which was replaced every 3 days. The animals
received a standard diet (Prospets; 10 g/rat/day) and
water ad libitum throughout a 5-day acclimatization
period and the in vivo study at the Animal Research and
Innovation Center, Faculty of Pharmacy, Universitas

Padjadjaran. All procedures were conducted under the
supervision of Dr. Aziiz Mardanarian Rosdianto (Scopus
ID: 57212213886). Animals were monitored daily. Key
humane endpoint criteria included > 20% body weight
loss, abnormal behavior, loss of appetite, and lack of
grooming. During acclimatization, no morbidity or
mortality occurred; therefore, all animals were included
in the analyses.

After acclimatization, the rats were assigned by
simple random allocation, with no formal assignment
method, to 15 experimental groups (n = 3 per group),
representing 5 treatment conditions at 3 terminal time
points (T0, T100, and T200). The use of n = 3 per group was

based on sample-size prediction using G*Power
Statistical Power Analyses, set to one-way ANOVA, fixed-

model, alpha of 0.05, power of 0.95, and an effect size f2

of 0.30 (medium), resulting in a total sample size of 38;
however, 45 rats were used. No formal allocation
concealment procedure was used after randomization.
Blinding was not implemented during treatment
administration, plethysmometric measurement, tissue
processing, or Western blot densitometric analysis.
According to the predefined experimental schedule,
animals received 1% Na-CMC, diclofenac sodium, or EEAP
based on group allocation, followed 30 minutes later by
carrageenan induction in all groups except the normal
control group. Paw edema volume was measured at the
assigned terminal time point, after which the animals
were euthanized, and left hind paw tissue was excised
for Western blot analysis of TLR4 and MyD88. The overall
structure of the animal experiment is summarized in
Table 1.

3.8.2. Anti-Inflammatory Assay: Carrageenan-Induced Paw
Edema

After acclimatization, rats were stratified and
allocated into 15 groups (n = 3 per group), representing 5
treatment conditions assessed at 3 terminal time points
(T0, T100, and T200). Diclofenac sodium, EEAP, or 1% Na-

CMC was administered 30 minutes before edema
induction by subplantar injection of 1% carrageenan
into the left hind paw, except in the normal control
groups, which did not receive carrageenan.

Paw edema volume was measured using a
plethysmometer at the assigned terminal time point:
immediately before induction (T0), 100 minutes after

carrageenan injection (T100), or 200 minutes after

carrageenan injection (T200). Immediately after

measurement, rats were euthanized in a sealed chamber
using 5% isoflurane in oxygen for 60 seconds by trained
personnel. Death was confirmed by the absence of
respiration for 1 minute, no heartbeat, and no ocular
reflex. The left hind paw tissue was then excised and
snap-frozen in liquid nitrogen for protein analysis.

The terminal time points of 0, 100, and 200 minutes
after carrageenan injection were selected because
edema fluid accumulation, which is related to the
known kinetics of carrageenan-induced inflammation,
is biphasic. The first phase begins immediately after
irritant injection and diminishes within 60 minutes.
The second period of accelerated edema formation
begins at 60 minutes, peaks at approximately 120
minutes, and persists through 180 minutes. The first
phase accounts for approximately 40% of the total
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Table 1. Summary of Animal Grouping, Interventions, Terminal Time Points, and Collected Endpoints a

Treatment Condition Carrageenan Induction Dose/Treatment T0 (n) T100 (n) T200 (n) Total (n)

Control

Normal No 1% Na-CMC 3 3 3 9

Negative Yes 1% Na-CMC 3 3 3 9

Positive Yes Diclofenac sodium 1 mg/kg dispersed in 1% Na-CMC 3 3 3 9

EEAP

Low dose Yes EEAP 250 mg/kg BW dispersed in 1% Na-CMC 3 3 3 9

High dose Yes EEAP 500 mg/kg BW dispersed in 1% Na-CMC 3 3 3 9

Total - - 15 15 15 45

a T0, T100, and T200 indicate terminal sampling time points at 0, 100, and 200 minutes, respectively. Separate groups were used at each time point because the animals were

euthanized immediately after paw edema measurement to collect their left hind paw tissue for Western blot analysis of TLR4 and MyD88. Abbreviations: Na-CMC, sodium
carboxymethyl cellulose; EEAP, ethanolic extract of A. purpurata rhizome.

edema volume produced over 180 minutes, with the
period from 120 to 180 minutes representing the
maximum edema peak (21).

3.8.3. Protein Extraction

Frozen paw tissue was minced, lysed in RIPA buffer
(Sigma-Aldrich, R0278), and centrifuged at 15,000 rpm
for 5 minutes. The lysate supernatant (15 μL) was mixed
1:1 with sample buffer and heat-denatured at 95°C for 5
minutes.

3.8.4. Western Blotting of TLR4 and MyD88

In the Western blot analysis, paw tissue from rats in
the same group was pooled. Proteins were separated on
a 15% separating gel using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, prepared by
combining acrylamide, 1.5 M Tris-HCl pH 8.8, 10% SDS,
ammonium persulfate, and TEMED (Sigma-Aldrich;
catalog number not available), and transferred onto a
nitrocellulose/PVDF membrane (Thermo Fisher
Scientific; catalog number not available) in a Mini Gel
Tank (Thermo Fisher Scientific), assembled as cathode-
sponge-filter paper-gel-membrane-filter paper-sponge-
anode (12 V, 200 mA, 30 minutes). Membranes were
stained with Ponceau S for 5 minutes, washed with
phosphate-buffered saline with Tween-20, and blocked
with 3% bovine serum albumin. Membranes were
incubated overnight at 4°C with primary antibodies
against TLR4 (mouse monoclonal; FineTest; catalog
number FNab09837) or MyD88 (KO-validated rabbit
monoclonal; ABclonal; catalog number A19082), washed,
and incubated with an anti-mouse secondary antibody
for 90 minutes at room temperature, followed by PBS
washes. Bands were visualized using a Li-Cor Odyssey
CLX imaging system. Expected band sizes were
approximately 100 kDa for TLR4, approximately 33 kDa

for MyD88, and approximately 45 kDa for beta-actin.
Beta-actin (Santa Cruz Biotechnology; catalog number
sc-47778) was used as the housekeeping protein/loading
control to normalize protein bands. Band intensities
were quantified by densitometry. The ladder used was
the Bio-Helix Blu11 Prestained Protein Ladder (catalog
number PMB11 - 0500). Western blot analysis was
performed as a single measurement.

4. Results

4.1. Proximate Composition and Vitamin C

The proximate and nutritional composition of EEAP
comprised 42.12% ash, 34.66% moisture, 6.03% protein,
16.60% fat, 0.59% carbohydrate, and 941.55 mg/100 g
vitamin C.

4.2. Total Phenolic Content, Total Flavonoid Content, and
Total Monomeric Anthocyanin Content

The TPC, calculated using the gallic acid calibration
curve, was 452.9 mg GAE/100 g extract. The TFC,
calculated using the quercetin calibration curve, was
416.1 mg QUE/100 g extract. TMAC, determined using the
pH differential method, was 2770 mg/100 g extract.

4.3. Metabolite Profiling by UHPLC-HRMS/MS

UHPLC-HRMS/MS data were annotated using
MzCloud, ChemSpider, and PubChem and included 22
compounds previously reported to have anti-
inflammatory activity (Table 2). Representative
chromatograms are shown in Figure 1. The complete
UHPLC-HRMS/MS dataset, including molecular formulas,
accurate masses, and MS/MS fragmentation patterns, is
provided in the Table S1 in Supplementary File. In this
study, the metabolite standards initiative classification
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Table 2. UHPLC-HRMS/MS Data of Metabolites in the Ethanolic Extract of Alpinia Purpurata Rhizome a

Name of Compound [Class of Metabolite] Retention Time (min) Relative Abundance (%)

Beauvericin 15.409 42.40

1-Stearoyl glycerol 15.303 7.12

9(Z),11(E),13(E)-Octadecatrienoic acid methyl ester 16.285 3.80

Alpha-linolenic acid 14.326 2.56

4-oxo-4,5,6,7-tetrahydrobenzo[b]furan-3-carboxylic acid 4.428 2.36

Cinnamic acid 6.188 2.30

(E,E)-alpha-Farnesene 13.118 1.97

Monoolein 12.861 1.55

Alpha-eleostearic acid 12.452 1.19

Ginkgoneolic acid 10.332 1.15

Methyl palmitate 17.071 1.05

Hirsuteine [monoterpene indole alkaloid] 5.956 0.86

Sitostenone 18.918 0.82

Fagaramide 2.797 0.74

Homovanillic acid 4.737 0.70

Glycidyl oleate 15.832 0.65

Curcumene 9.763 0.67

Lachnophyllum ester 10.043 0.59

Limonin 7.317 0.57

6-Pentyl-2H-pyran-2-one 9.686 0.56

Methyl isonicotinate 0.805 0.50

Shogaol 11.893 0.49

4-Methoxybenzaldehyde 10.025 0.47

Lotaustralin 0.797 0.47

4-Coumaric acid 5.203 0.47

Helenalin 5.835 0.43

2-Amino-1,3,4-octadecanetriol 9.924 0.42

Butyrin 13.2 0.42

Coumarin 7.701 0.38

(-)-Caryophyllene oxide 9.104 0.37

Ethylestrenol 12.717 0.37

Cholest-4-en-3-one 18.151 0.35

Prolylleucine 1.159 0.34

Campest-4-en-3-one 18.499 0.33

Eugenitin 5.835 0.32

Hernanol 10.296 0.32

Acridine-9(10H)-thione 11.728 0.31

2-[(1S)-1-Hydroxyethyl]-4(1H)-quinazolinone 4.308 0.30

2-{2-[5-(Ethoxycarbonyl)-2-morpholinoanilino]-2-oxoethoxy} acetic acid 9.122 0.29

Piperine 10.753 0.26

(4-benzyl-1,4-oxazinan-2-yl) methyl N-[(4-methylphenyl) sulfonyl] carbamate 13.227 0.26

Phytosphingosine 11.949 0.25

Methyl cinnamate 7.685 0.25

a All metabolites were putatively annotated using UHPLC-HRMS/MS chromatograms and spectral matching against public databases; no authentic reference standards were
used for confirmation.

was not assigned because chemoinformatic tools, such
as Van Krevelen diagrams and DBE calculations, and

automated workflows, such as MetExtract and XCMS,
were not available in the laboratory.
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Figure 1. UHPLC chromatogram of EEAP 1 mg in 1 mL of 96% methanol at 40°C. The mobile phase consisted of mass spectrometry-grade water with 0.1% formic acid and mass
spectrometry-grade methanol with 0.1% formic acid. The gradient program was initially set at 5% B, gradually increased to 90% B within 16 minutes, held at 90% for 4 minutes,
and then returned to the initial condition (5% B) for 25 minutes. The flow rate was set at 0.3 mL/min, with an injection volume of 3 μL.

Figure 2. Protein-protein interaction network diagram of A, TLR4 and B, MYD88 generated using the STRING database.

4.4. Network Pharmacology

DisGeNET analysis indicated that, under
inflammatory conditions, TLR4 had a DSI of 0.31, DPI of
0.96, and GDAS of 0.95. In addition, under inflammatory
conditions, MYD88 had a DSI of 0.40, a DPI of 0.91, and a
GDAS of 0.75.

In DisGeNET, the DSI ranges from 0.23 to 1.0. A low DSI
indicates that a gene is linked to a broader range of

diseases, whereas a high DPI indicates a wider range of
disease classes, reflecting greater pleiotropy
(https://blog.disgenet.com/disease-specificity-index-dsi-
disease-pleiotropy-index-dpi/). In this study, the TLR4
and MYD88 genes, with low DSI and high DPI, were
highly associated with a broader range of inflammation
classes. This suggests that these genes are critical,
multifunctional nodes in human disease networks.

https://brieflands.com/journals/ijpr/articles/169725


Mulkiya Yuliawati K et al. Brieflands

8 Iran J Pharm Res. 2026; 25(1): e169725

Figure 3. Bar plots obtained from A, WikiPathways 2024 Human and B, KEGG 2021 Human databases via Enrichr for inflammatory conditions.

STRING-derived protein-protein interaction networks
identified first-neighbor interactors of TLR4 as MYD88,
TLR6, TIRAP, LY96, HSPD1, IRAK4, TRAF3, TRAF6, TICAM1,
and TICAM2 (Figure 2A). First-neighbor interactors of
MYD88 were TLR4, TLR2, TIRAP, IRAK2, IKBKG, TRAF6,
IRAK4, IL1R1, IRAK1, and MAP3K7 (Figure 2B). TIRAP, IRAK4,
and TRAF6 were shared first-neighbor proteins for both
TLR4 and MYD88 (Figure 2).

Enrichr analysis summarized inflammation-
associated pathologies linked to the TLR4/MYD88-
centered gene set, depicted in a bar plot (Figure 3), using
the WikiPathways 2024 Human and Kyoto Encyclopedia
of Genes and Genomes (KEGG) 2021 Human gene sets.
The analysis comprised 136 inflammation-relevant
genes. WikiPathways 2024 Human enrichment
implicated prostaglandin signaling, lung fibrosis, SARS-
CoV-2 signaling network maps, spinal cord injury, pro-
inflammatory/pro-fibrotic mediators, cytokine-cytokine
receptor interaction, inflammatory bowel disease
signaling, photodynamic therapy-induced NF-kappaB
survival signaling, IL-2 signaling, and mRNA-mediated

immune responses in sepsis (Figure 3A). In addition,
KEGG 2021 Human enrichment highlighted cytokine-
cytokine receptor interaction, inflammatory bowel
disease, Chagas disease, lipid and atherosclerosis,
rheumatoid arthritis, IL-17 signaling, AGE/RAGE
signaling in diabetic complications, malaria, African
trypanosomiasis, and HIF-1 signaling (Figure 3B).

PASS Online prediction of the 30 most abundant EEAP
metabolites identified those with Pa > 0.7 for anti-
inflammatory activity: glycidyl oleate (0.877), 1-
stearoylglycerol (0.809), alpha-linolenic acid (0.804),
methyl palmitate (0.758), shogaol (0.717), 4-
methoxybenzaldehyde (0.712), ginkgoneolic acid
(0.706), and curcumene (0.700) (Table 3).

4.5. Cytotoxicity Assay in HEK-293 Cells

In the HEK-293 cytotoxicity assay, EEAP showed low
cytotoxicity (IC50 = 741.1 μg/mL) compared with

quercetin (IC50 = 96.73 μg/mL) and cisplatin (IC50 = 7.44

μg/mL). These data indicate low cytotoxicity in this non-
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Table 3. PASS Prediction of the Probability of Ethanolic Extract of A. Purpurata Rhizome Metabolites Being Active for Anti-Inflammatory Activity a

Metabolite Pa (Probability of Activity) Predicted Activity b

Glycidyl oleate 0.877 c CYP2J substrate

1-Stearoylglycerol 0.809 c CYP2J substrate

Alpha-linolenic acid 0.804 c Anti-inflammatory

4-oxo-4,5,6,7-tetrahydrobenzo[b]furan-3-carboxylic acid 0.800 c CYP2J substrate

Methyl palmitate 0.758 c Anti-inflammatory, intestinal

Shogaol 0.717 c Anti-inflammatory

4-Methoxybenzaldehyde 0.712 c CYP2J substrate

Ginkgoneolic acid 0.706 c Anti-inflammatory, intestinal

Curcumene 0.700 c Anti-inflammatory

Monoolein 0.689 Anti-inflammatory

Sitostenone 0.682 Anti-inflammatory, ophthalmic

Alpha-eleostearic acid 0.675 Anti-inflammatory

(E,E)-alpha-Farnesene 0.669 Anti-inflammatory

Cinnamic acid 0.656 Anti-inflammatory

Homovanillic acid 0.633 Anti-inflammatory

Lachnophyllum ester 0.620 Anti-inflammatory, intestinal

Lotaustralin 0.610 Anti-inflammatory

Methyl isonicotinate 0.597 CYP2J substrate

Fagaramide 0.575 TNF expression inhibitor

6-Pentyl-2H-pyran-2-one 0.570 Anti-inflammatory

a Abbreviations: TNF, tumor necrosis factor.

b CYP2J substrate is a catalyst of arachidonic acid metabolism.
c Pa values indicated a strong probability of the metabolite being active for anti-inflammatory activity (Pa ≥ 0.7).

Figure 4. Cytotoxicity assay of (A) EEAP (IC50= 741.1 μg/mL), (B) quercetin (IC50 = 96.73 μg/mL), and (c) cisplatin (IC50 = 7.44 μg/mL).

immune cell model under basal culture conditions
(Figure 4).

4.6. Effects of EEAP on Edema Volume in Carrageenan-
Induced Edema in Male Wistar Rats

The network pharmacology results were validated by
evaluating the effects of EEAP in carrageenan-induced

edema in male Wistar rats. Edema volume, one of the
primary outcomes, is presented in Table 4.

At T100, representing 100 minutes after carrageenan

injection, increased paw edema volume was observed in
all groups except the normal control group. The
negative control group exhibited the greatest increase
in edema volume (0.20 ± 0.00 mL). In contrast, the
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Table 4. Effects of Ethanolic Extract of A. Purpurata Rhizome on Carrageenan-Induced Paw Edema in Male Wistar Rats a, b

Groups Edema Volume Increase (mL) at T100 Edema Volume Increase (mL) at T200

Normal control (Na-CMC 1%) 0.00 ± 0.00 0.00 ± 0.00

Negative control (Na-CMC 1%) 0.20 ± 0.00 0.17 ± 0.00

Positive control (Na diclofenac in Na-CMC 1%) 0.073 ± 0.023 (P = 0.047) c 0.060 ± 0.000 (P = 0.041) c

EEAP 250 mg/kg BW in Na-CMC 1% 0.073 ± 0.023 (P = 0.047) c 0.073 ± 0.023 (P = 0.047) c

EEAP 500 mg/kg BW in Na-CMC 1% 0.073 ± 0.023 (P = 0.047) c 0.063 ± 0.029 (P = 0.041) c

a Values are expressed as mean ± SD (n = 3 rats/group).
b Significant differences between groups were analyzed using one-way analysis of variance followed by Tukey test.
c Significant difference compared with the negative control group (P < 0.05).

positive control and EEAP-treated groups (250 and 500
mg/kg body weight) showed significantly lower edema
volume (0.073 ± 0.023 mL) than the negative control
group (P < 0.05), indicating the anti-inflammatory
activity of EEAP. The 95% confidence intervals for the
treatment groups were relatively wide (0.016 - 0.130),
reflecting variability and the small sample size.

At T200, representing 200 minutes after carrageenan

injection, reduced paw edema volume was observed in
the positive control and EEAP-treated groups. The
positive control and EEAP 500 mg/kg body weight
groups showed edema volume increases of 0.060 ±
0.000 mL and 0.063 ± 0.029 mL, respectively, which
were significantly lower than that of the negative
control group (P < 0.05). In contrast, the EEAP 250 mg/kg
body weight group did not show a further reduction in
edema volume and remained at 0.073 ± 0.023 mL. At this
time point, however, substantial overlap of confidence
intervals was noted among the treatment groups.
Although the treatment groups demonstrated reduced
edema volume compared with the negative control
group, the overlapping confidence intervals indicate
that the differences may not be statistically robust. This
is likely due to the small sample size (n = 3 per group),
which limits statistical power and increases uncertainty.

4.7. Western Blot Analysis of TLR4 and MyD88 in the Left Hind
Paw

Western blot analysis showed that EEAP did not alter
TLR4 (Figure 5) or MyD88 (Figure 6) expression under
the present experimental conditions. Although EEAP
significantly reduced carrageenan-induced paw edema,
this effect was not accompanied by modulation of total
TLR4 or MyD88 protein expression in paw tissue.

5. Discussion

A. purpurata remains of pharmacological interest,
and in this study, we characterized an ethanol extract of
rhizomes cultivated in Lembang, West Java, Indonesia
(EEAP). EEAP showed a proximate profile of 42.12% ash,
34.66% moisture, 6.03% protein, 16.60% fat, and 0.59%
carbohydrate, with vitamin C at 941.55 mg/100 g. TPC
was 452.9 mg GAE/100 g, TFC was 416.1 mg QUE/100 g,
TMAC was 2770 mg/100 g, and UHPLC-HRMS/MS
annotated 62 metabolites (Table 2), dominated by
beauvericin. This observation should be interpreted
cautiously because beauvericin is a mycotoxin typically
associated with fungal secondary metabolism rather
than a well-established endogenous metabolite of A.
purpurata. Its apparent predominance may therefore
reflect contamination, post-harvest fungal growth, or
annotation uncertainty arising from database-based
spectral matching in the absence of authentic
standards.

TPC and TFC were lower than the values reported for
A. purpurata from Jember (TPC 1350 mg GAE/100 g; TFC
1780 mg QUE/100 g) (22) and Malang (TPC 14876 mg
GAE/100 g; TFC 3105 mg QUE/100 g) (23). Phytochemical
profiling identified 62 rhizome metabolites (Table 1),
extending prior GC-MS reports for A. purpurata flowers
and leaves from Brazil (42 essential-oil constituents) (5)
and flowers from Tamil Nadu (13 metabolites) (6).

DisGeNET analysis in the network pharmacology
study indicated that, under inflammatory conditions,
the DSI of TLR4 was 0.31, DPI was 0.96, and GDAS was
0.95. Meanwhile, the DSI of MYD88 was 0.40, DPI was
0.91, and GDAS was 0.75. This was considered low
specificity, meaning that the test has a high false-
positive rate (for a DSI of 0.31, 69% of non-diseased
individuals are incorrectly classified as diseased, while
for a DSI of 0.40, 60% of non-diseased individuals are
incorrectly classified as diseased) (24). DPI and GDAS are
metrics used in clinical research to evaluate the
complexity and strength of gene–disease relationships.
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Figure 5. Effects of EEAP on TLR4 expression in the left hind paw of carrageenan-induced Wistar rats based on a single Western blot measurement. (A) TLR4 protein bands with a
molecular weight of 100 kDa on the nitrocellulose membrane. (B) TLR4/beta-actin relative expression calculated using a densitometric technique. No statistical test was
performed because the Western blot was conducted as a single measurement.

A pleiotropy index of 0.96 (TLR4) and 0.91 (MyD88)
indicates high pleiotropy, meaning that the gene is
strongly implicated in multiple diseases or phenotypes.
This aligns with findings that pleiotropic genes often
play essential roles in biological systems and are
enriched in deleterious variants (25). High pleiotropy
suggests that the gene may be central to shared
biological pathways across diseases, making it a
potential target for therapeutic interventions (26). GDAS
measures the strength and confidence of the association
between a gene and a specific disease based on
aggregated evidence from genetic studies. A GDAS of >
0.75 reflects a strong association between the gene and
the disease (27).

Network pharmacology and enrichment analyses
identified TLR4/MyD88-associated signaling as a
plausible inflammation-related pathway potentially
relevant to the activity of EEAP. These analyses were used
as hypothesis-generating tools to identify candidate
targets and interacting proteins, including TIRAP, IRAK4,
and TRAF6. Diclofenac was included in this study as a
reference anti-inflammatory drug in the carrageenan-
induced edema model. Because diclofenac primarily
exerts anti-inflammatory effects through
cyclooxygenase inhibition, it should not be interpreted
as a mechanistic comparator for TLR4/MyD88 signaling.

To our knowledge, network pharmacology has not
been applied to A. purpurata. Related studies include A.

officinarum (28-31), A. katsumadai (32), and A. oxyphyllae
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Figure 6. Effects of EEAP on MyD88 expression in the left hind paw of carrageenan-induced Wistar rats based on a single Western blot measurement. (A) MyD88 protein bands
with an observed molecular weight of 33 kDa on the nitrocellulose membrane. (B) MyD88/beta-actin relative expression calculated using a densitometric technique. No
statistical test was performed because the Western blot was conducted as a single measurement.

(28-31), A. katsumadai (32), and A. oxyphyllae (33). Across
these reports, PI3K-Akt signaling recurrently emerged as
a central pathway, consistent with Alpinia
phytochemicals acting on growth, survival, and
inflammatory nodes.

TLR4/MyD88 signaling drives transcriptional
programs for pro-inflammatory cytokines and type I
interferons (34, 35). MyD88 is a core adaptor in MyD88-
dependent signaling, coupling TLR4 via TIR-domain
interactions and engaging IRAK4 through its death
domain (33). Consistently, IRAK4 appeared among the
shared first-neighbor interactors of TLR4 and MyD88 in

our protein–protein interaction analysis. TLR4
activation can also rapidly engage PI3K, promoting
downstream Akt phosphorylation (36), providing a
plausible interface between innate immune activation
and PI3K-Akt signaling.

PASS prediction identified 8 abundant EEAP
metabolites with Pa > 0.7 for anti-inflammatory activity
(Table 2). Glycidyl oleate, an oleic acid ester reported in
virgin olive oil, has documented anti-inflammatory
effects (37) and was predicted to interact with multiple
inflammatory targets, including TLR4, in a study of
Liriope platyphylla seed constituents (38). TLR4 is
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activated by pathogen-associated molecular patterns
and pro-inflammatory stimuli such as carrageenan and
LPS, initiating NF-kappaB signaling and downstream
pro-inflammatory gene expression (39). Evidence for 1-
stearoylglycerol is limited, but cassava leaf-derived 1-
stearoylglycerol inhibited NF-kappaB signaling and
reduced TNF-alpha, IL-1beta, and IL-6 (40). Alpha-
linolenic acid suppresses inflammatory mediators and
NF-kappaB activation in LPS-stimulated macrophages
(41), is associated with reduced CRP and improved lipid
profiles in humans (42), protects against LPS-induced
acute lung injury (43), and selectively inhibits COX-2 in
rodent inflammatory models induced by carrageenan
(1). Methyl palmitate reduced carrageenan-induced
edema and decreased PGE2, TNF-alpha, and IL-6 (44),

with additional cardioprotective anti-inflammatory
activity reported in myocardial injury models (45).
Shogaols have repeatedly been shown to modulate
inflammatory cascades, particularly through NF-kappaB
regulation and NLRP3 inflammasome control (46-50).

Safety profiling of A. purpurata extracts is scarce and
largely limited to cancer cell lines such as OAW42 and
HeLa (47, 51). EEAP did not show cytotoxicity in normal
HEK-293 cells compared with quercetin and cisplatin.
HEK-293 cells, derived from human embryonic kidney
tissue, were used as a preliminary screen of general
cellular tolerability in a non-immune mammalian cell
line. These cells are used in biomedical research because
of their ease of cultivation, high transfection efficiency,
and adaptability to various experimental conditions
(52). Although these cells are not immune cells, they
offer several advantages as a safety model for evaluating
anti-inflammatory agents and inflammation-related
pathways, such as the NF-kappaB pathway (53, 54). HEK-
293 cells transfected with TLR2 and TLR4 have shown
inflammatory responses induced by lipoteichoic acid
and LPS. These pathways involve downstream signaling
molecules such as MyD88 and NF-kappaB, which
regulate the production of TNF-alpha and IL-6 (55).

In vivo evidence for A. purpurata in carrageenan-
induced edema has not been previously reported. In our
model, EEAP reduced carrageenan-induced
inflammation in male Wistar rats, although inhibition
of TLR4 and MyD88 expression was modest. Consistent
with the anti-inflammatory potential across the genus,
volatile oil from A. calcarata and its major compounds
significantly reduced ear thickness, weight,
myeloperoxidase activity, and cytokine levels in the
formalin-induced pain model in mice (56).

Taken together, these findings support a two-level
interpretation. First, the in silico analyses generated a
mechanistic hypothesis implicating TLR4/MyD88-

associated inflammatory signaling. Second, the in vivo
experiments confirmed that EEAP exerted anti-
inflammatory activity but did not validate significant
modulation of TLR4 or MyD88 protein expression under
the conditions tested. These results may be related to
the small sample size (n = 3 per group) and the single
Western blot measurement, which are limitations of
this study. Therefore, the TLR4/MyD88 pathway should
be regarded as a plausible but unconfirmed mechanistic
hypothesis requiring further validation using larger
sample sizes and broader molecular readouts.

5.1. Strengths and Limitations of the Study

This study combines metabolite profiling, network
pharmacology, cytotoxicity screening, and in vivo anti-
inflammatory testing to examine the potential activity
of EEAP. Nevertheless, several limitations should be
considered. The in vivo experiment used a small group
size (n = 3 per group), limiting statistical power and
increasing susceptibility to biological and technical
variability, particularly for a single Western blot
densitometric analysis. As a result, the absence of
significant changes in TLR4 and MyD88 should be
interpreted cautiously. In addition, the proposed
mechanistic involvement of the TLR4/MyD88 axis was
derived primarily from in silico predictions and was not
confirmed experimentally, because Western blot
analysis showed no significant modulation of either
protein. The metabolite assignments were also putative
because they were based on database-assisted UHPLC-
HRMS/MS annotation without confirmation by
authentic standards. This limitation is particularly
relevant for beauvericin, a mycotoxin annotated as the
dominant metabolite, because its apparent prominence
raises safety and analytical validity concerns that
require targeted confirmation. Therefore, the present
findings support anti-inflammatory potential at the
phenotypic level but do not establish a definitive
mechanism or safety. Further studies with larger sample
sizes, targeted metabolite validation, and expanded
mechanistic assays are needed.

5.2. Conclusions

This study characterized the nutritional
composition, metabolite profile, predicted molecular
mechanisms, and cytotoxicity of an ethanol extract of A.

purpurata (Vieill.) K. Schum. rhizome (EEAP). EEAP
contained 42.12% ash, 34.66% moisture, 6.03% protein,
16.60% fat, 0.59% carbohydrate, vitamin C 941.55 mg/100
g, TPC 452.9 mg GAE/100 g, TFC 416.1 mg QUE/100 g, and
TAC 2770 mg/100 g extract. UHPLC-HRMS/MS annotated
62 metabolites. Network analysis identified TIRAP,
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IRAK4, and TRAF6 as shared first-neighbor interactors of
TLR4 and MyD88, and enrichment implicated
TLR4/MyD88 signaling in IL-23 production. PASS
prediction highlighted 8 metabolites with Pa > 0.7 for
anti-inflammatory activity (glycidyl oleate, 1-
stearoylglycerol, alpha-linolenic acid, methyl palmitate,
shogaol, 4-methoxybenzaldehyde, ginkgoneolic acid,
and curcumene), but these constituents were present at
low relative abundance. EEAP showed low cytotoxicity in
HEK-293 cells under the assay conditions used and
significantly reduced carrageenan-induced paw edema,
with no alteration in TLR4 and MyD88 expression.

Acknowledgements

The authors thank (1) Dr. Aziiz Mardanarian
Rosdianto (Animal Research and Innovation Center,
Faculty of Pharmacy, Universitas Padjadjaran, Indonesia)
for supervising animal handling, acclimatization, and
the in vivo experiments; and (2) MarkHerb, Bandung
Institute of Technology Innovation Park, for facilitating
UHPLC-HRMS/MS metabolite profiling.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Footnotes

AI Use Disclosure: The authors declare that no
generative AI tools were used in the creation of this
article.

Authors' Contribution: K. M. Y. provided and
extracted the plant materials, acclimatized the animals,
conducted the whole experiment, statistically analyzed
the data, and wrote the original manuscript. F. S. Y. and
E. F. conducted the cytotoxicity assay. R. M. F. designed
the extract preparation, conducted the nutritional and
phytochemical analyses, supervised metabolite
profiling, and wrote and revised the manuscript. F. K., S.
M., and D. K. P. designed and assisted with the network
pharmacology. S. A. S. and G. W. designed the
experimental concept, were aware of the in vivo study,
and supervised K. M. Y. S. J. designed and supervised the
network pharmacology and critically reviewed and
revised the manuscript. J. L. designed the experimental
concept, supervised K. M. Y., funded the research
through the Universitas Padjadjaran Academic-

Conflict of Interests Statement: The authors declare
that, within the past five years, they have received no
funding or research support related to this work, hold
no employment, financial interests, stocks or shares,
consultation arrangements, or patents relevant to the
subject matter of this manuscript. They report no
personal or professional relationships, including family
relationships, and hold no unpaid positions in
government or non-governmental organizations that
could be perceived as influencing this study. The
authors are not members of the editorial board of IJPR
Borderlands and have not served as reviewers for this
journal in relation to this manuscript.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication. The data are not
publicly available due to ethical and confidentiality
considerations.

Ethical Approval: The animal handling procedure was
approved by the Research Ethics Committee of
Universitas Padjadjaran, Indonesia, on 7 November 2024
(approval No. 1165/UN6.KEP/EC/2024;
https://kep.unpad.ac.id/). All procedures strictly
followed the Guide for the Care and Use of Laboratory
Animals (NRC 2011, 8th edition;
https://grants.nih.gov/grants/olaw/guide-for-the-care-
and-use-of-laboratory-animals.pdf) and complied with
the ARRIVE 2.0 guidelines
(https://arriveguidelines.org/arrive-guidelines).

Funding/Support: The authors thank the Rector of
Universitas Padjadjaran for funding this research
through the Universitas Padjadjaran Academic-
Leadership Grant 2024, under the contract of Prof. Dr.
Jutti Levita (contract No. 1479/UN6.3.1/PT.00/2024), and
the Universitas Padjadjaran Competence Research Grant
2025. The article processing charge was funded by the
Indonesian Endowment Fund for Education (LPDP), on
behalf of the Indonesian Ministry of Higher Education,
Science and Technology, and managed under the EQUITY
Program (contract Nos. 4303/B3/DT.03.08/2025 and
3927/UN6.RKT/HK.07.00/2025).

References

1. Nakadate K, Ito N, Kawakami K, Yamazaki N. Anti-inflammatory
actions of plant-derived compounds and prevention of chronic
diseases: from molecular mechanisms to applications. Int J Mol Sci.
2025;26(11):5206. [PubMed ID: 40508016]. [PubMed Central ID:
PMC12154257]. https://doi.org/10.3390/ijms26115206.

2. Yuandani, Jantan I, Haque MA, Rohani AS, Nugraha SE, Salim E, et al.
Immunomodulatory effects and mechanisms of the extracts and

secondary compounds of Zingiber and Alpinia species: a review.

https://brieflands.com/journals/ijpr/articles/169725
https://ijpr.brieflands.com/cdn/dl/678d5b74-7a9b-11f1-a40a-8b395da5316f
http://www.ncbi.nlm.nih.gov/pubmed/40508016
https://www.ncbi.nlm.nih.gov/pmc/PMC12154257
https://doi.org/10.3390/ijms26115206


Mulkiya Yuliawati K et al. Brieflands

Iran J Pharm Res. 2026; 25(1): e169725 15

Front Pharmacol. 2023;14. 1222195. [PubMed ID: 37533631]. [PubMed

Central ID: PMC10391552]. https://doi.org/10.3389/fphar.2023.1222195.

3. Yuliawati K, Febriyanti R, Sumiwi S, Levita J. Anti-inflammatory
activities of some plants of genus Alpinia: insights from in vitro, in
vivo, and human studies. J Exp Pharmacol. 2025;17:51-91. [PubMed ID:
39881885]. [PubMed Central ID: PMC11775820].
https://doi.org/10.2147/JEP.S499115.

4. Siahaan N, Triskaprilia D, Angga M, Trisna A, Larasati D, Rahayu SE, et
al. Ethnobotanical study of medicinal plants used to treat human

diseases in the urban forest area of Sangga Buana Cilandak Jakarta
Selatan. J Trop Biodivers. 2022;2(3):117-132.

5. Santos GKN, Dutra KA, Barros RA, da Câmara CAG, Lira DD, Gusmão
NB, et al. Essential oils from Alpinia purpurata (Zingiberaceae):
chemical composition, oviposition deterrence, larvicidal and
antibacterial activity. Ind Crop Prod. 2012;40:254-260.
https://doi.org/10.1016/j.indcrop.2012.03.020.

6. P S, N ND, Ragunathan R, Baskaran K. Phytochemical profiling using

GC-MS and antioxidant activity of Alpinia purpurata flower extract. J
Adv Zool. 2024;45(3):811-823. https://doi.org/10.53555/jaz.v45i3.4492.

7. Aguinaldo A, Villaflores O, Macabeo AP, Gehle D, Krohn K, Franzblau S.
Phytoconstituents from Alpinia purpurata and their in vitro
inhibitory activity against Mycobacterium tuberculosis. Pharmacogn

Mag. 2010;6(24):339-344. [PubMed ID: 21120040]. [PubMed Central ID:
PMC2992151]. https://doi.org/10.4103/0973-1296.71785.

8. de Santana Brito J, Ferreira GRS, Klimczak E, Gryshuk L, de Lima

Santos ND, de Siqueira Patriota LL, et al. Lectin from inflorescences of
ornamental crop Alpinia purpurata acts on immune cells to
promote Th1 and Th17 responses, nitric oxide release, and
lymphocyte activation. Biomed Pharmacother. 2017;94:865-872.
[PubMed ID: 28810516]. https://doi.org/10.1016/j.biopha.2017.08.026.

9. Palanirajan A, Kannappan P, Kanniappan GV. Anticancer activity of
Alpinia purpurata (Vieill) K. Schum. against MNU and testosterone-
induced prostate cancer in male Wistar albino rats. Pharmacol Res

Mod Chin Med. 2022;3. 100105.
https://doi.org/10.1016/j.prmcm.2022.100105.

10. Lee J, Durst RW, Wrolstad RE, Eisele T, Giusti MM, Hach� J, et al.
Determination of total monomeric anthocyanin pigment content of
fruit juices, beverages, natural colorants, and wines by the pH
differential method: Collaborative study. J AOAC Int. 2005;88(5):1269-
1278. [PubMed ID: 16385975]. [PubMed Central ID: PMC13058835].
https://doi.org/10.1093/jaoac/88.5.1269.

11. Taghavi T, Patel H, Rafie R. Comparing pH differential and methanol-
based methods for anthocyanin assessments of strawberries. Food Sci

Nutr. 2021;10(7):2123-2131. [PubMed ID: 35844903]. [PubMed Central ID:
PMC9281922]. https://doi.org/10.1002/fsn3.2065.

12. Prayoga D, Pitaloka D, Aulifa D, Budiman A, Levita J, Jiranusornkul S,
et al. Phytochemical analysis, computational study, and in vitro assay
of Etlingera elatior inflorescence extract towards inducible nitric
oxide synthase. J Exp Pharmacol. 2025;17:123-141. [PubMed ID:

40078169]. [PubMed Central ID: PMC11899951].
https://doi.org/10.2147/JEP.S505658.

13. Gao X, Li S, Cong C, Wang Y, Xu L. A network pharmacology approach
to estimate potential targets of the active ingredients of epimedium
for alleviating mild cognitive impairment and treating Alzheimer's
disease. Evid Based Complement Alternat Med. 2021;2021:2302680-15.
[PubMed ID: 33574879]. [PubMed Central ID: PMC7861915].
https://doi.org/10.1155/2021/2302680.

14. Piñero J, Bravo À, Queralt-Rosinach N, Gutiérrez-Sacristán A, Deu-Pons
J, Centeno E, et al. DisGeNET: a comprehensive platform integrating
information on human disease-associated genes and variants.
Nucleic Acids Res. 2017;45(D1):D833-D839. [PubMed ID: 27924018].
[PubMed Central ID: PMC5210640].
https://doi.org/10.1093/nar/gkw943.

15. Szklarczyk D, Franceschini A, Wyder S, Forslund K, Heller D, Huerta-

Cepas J, et al. STRING v10: protein-protein interaction networks,
integrated over the tree of life. Nucleic Acids Res. 2015;43(D1):D447-
D452. [PubMed ID: 25352553]. [PubMed Central ID: PMC4383874].
https://doi.org/10.1093/nar/gku1003.

16. Chen EY, Tan CM, Kou Y, Duan Q, Wang Z, Meirelles GV, et al. Enrichr:
interactive and collaborative HTML5 gene list enrichment analysis
tool. BMC Bioinformatics. 2013;14(1). 128. [PubMed ID: 23586463].
[PubMed Central ID: PMC3637064]. https://doi.org/10.1186/1471-2105-

14-128.

17. Filimonov DA, Lagunin AA, Gloriozova TA, Rudik AV, Druzhilovskii DS,
Pogodin PV, et al. Prediction of the biological activity spectra of
organic compounds using the Pass Online Web Resource. Chem

Heterocycl Comp. 2014;50(3):444-457. https://doi.org/10.1007/s10593-
014-1496-1.

18. Lagunin A, Stepanchikova A, Filimonov D, Poroikov V. PASS:
prediction of activity spectra for biologically active substances.

Bioinformatics. 2000;16(8):747-748. [PubMed ID: 11099264].
https://doi.org/10.1093/bioinformatics/16.8.747.

19. Khan MN, Shah SMZ, Rahman S, Musharraf SG. Understanding the
metabolome of four stress-relieving and cognitive-enhancing
medicinal plants: a comprehensive HR-LC-ESI-MS/MS analysis.
Metabolomics. 2026;22(2). 41. [PubMed ID: 41793600]. [PubMed
Central ID: PMC12967552]. https://doi.org/10.1007/s11306-026-02411-x.

20. Xu L, Zuo SM, Liu M, Wang T, Li Z, Yun YH, et al. Integrated analysis of

metabolomics combined with network pharmacology and
molecular docking reveals the effects of processing on metabolites
of Dendrobium officinale. Metabolites. 2023;13(8):886. [PubMed ID:
37623830]. [PubMed Central ID: PMC10456568].
https://doi.org/10.3390/metabo13080886.

21. Vinegar R, Schreiber W, Hugo R. Biphasic development of
carrageenin edema in rats. J Pharmacol Exp Ther. 1968;166(1):96-103.
[PubMed ID: 5776026]. https://doi.org/10.1016/S0022-3565(25)28209-X.

22. Muflihah YM, Gollavelli G, Ling YC. Correlation study of antioxidant
activity with phenolic and flavonoid compounds in 12 Indonesian
indigenous herbs. Antioxidants (Basel). 2021;10(10):1530. [PubMed ID:
34679665]. [PubMed Central ID: PMC8533117].
https://doi.org/10.3390/antiox10101530.

23. Djati M, Naomi Azerlyn DR, Kusuma KH, Rosyadah N, Sarah Kamila F,
Annisa Y, et al. Antioxidant properties and quantification of phenolic
and flavonoid compounds in Alpinia purpurata (Viell.) K. Schum

ethanol extract. Biotropika: J Trop Biol. 2025;13(1):11-15.
https://doi.org/10.21776/ub.biotropika.2025.013.01.02.

24. Le Gal G, Le Roux PY. How to assess quality of primary research
studies in the medical literature? Semin Nucl Med. 2019;45(2):115-120.
[PubMed ID: 30819391].
https://doi.org/10.1053/j.semnuclmed.2018.11.007.

25. Ittisoponpisan S, Alhuzimi E, Sternberg MJE, David A. Landscape of
pleiotropic proteins causing human disease: structural and system

biology insights. Hum Mutat. 2017;38(3):289-296. [PubMed ID:
27957775]. [PubMed Central ID: PMC5748329].
https://doi.org/10.1002/humu.23155.

26. Jee YH, He Y, Lu W, Shi Y, Lazarev D, Daly MJ, et al. Dissecting
pleiotropy to gain mechanistic insights into human disease. Nat Rev

Genet. 2026;27(4):292-305. [PubMed ID: 41315867].
https://doi.org/10.1038/s41576-025-00908-0.

27. Thiffault I, Cadieux‐Dion M, Farrow E, Caylor R, Miller N, Soden S, et

al. On the verge of diagnosis: detection, reporting, and investigation
of de novo variants in novel genes identified by clinical sequencing.
Hum Mutat. 2018;39(11):1505-1516. [PubMed ID: 30311385].
https://doi.org/10.1002/humu.23646.

28. Zhou M, Lian X, Zhang X, Xu J, Zhang J. Study on the mechanism of
Alpinia officinarum Hance in the improvement of insulin resistance
through network pharmacology, molecular docking, and in vitro

https://brieflands.com/journals/ijpr/articles/169725
http://www.ncbi.nlm.nih.gov/pubmed/37533631
https://www.ncbi.nlm.nih.gov/pmc/PMC10391552
https://doi.org/10.3389/fphar.2023.1222195
http://www.ncbi.nlm.nih.gov/pubmed/39881885
https://www.ncbi.nlm.nih.gov/pmc/PMC11775820
https://doi.org/10.2147/JEP.S499115
https://doi.org/10.1016/j.indcrop.2012.03.020
https://doi.org/10.53555/jaz.v45i3.4492
http://www.ncbi.nlm.nih.gov/pubmed/21120040
https://www.ncbi.nlm.nih.gov/pmc/PMC2992151
https://doi.org/10.4103/0973-1296.71785
http://www.ncbi.nlm.nih.gov/pubmed/28810516
https://doi.org/10.1016/j.biopha.2017.08.026
https://doi.org/10.1016/j.prmcm.2022.100105
http://www.ncbi.nlm.nih.gov/pubmed/16385975
https://www.ncbi.nlm.nih.gov/pmc/PMC13058835
https://doi.org/10.1093/jaoac/88.5.1269
http://www.ncbi.nlm.nih.gov/pubmed/35844903
https://www.ncbi.nlm.nih.gov/pmc/PMC9281922
https://doi.org/10.1002/fsn3.2065
http://www.ncbi.nlm.nih.gov/pubmed/40078169
https://www.ncbi.nlm.nih.gov/pmc/PMC11899951
https://doi.org/10.2147/JEP.S505658
http://www.ncbi.nlm.nih.gov/pubmed/33574879
https://www.ncbi.nlm.nih.gov/pmc/PMC7861915
https://doi.org/10.1155/2021/2302680
http://www.ncbi.nlm.nih.gov/pubmed/27924018
https://www.ncbi.nlm.nih.gov/pmc/PMC5210640
https://doi.org/10.1093/nar/gkw943
http://www.ncbi.nlm.nih.gov/pubmed/25352553
https://www.ncbi.nlm.nih.gov/pmc/PMC4383874
https://doi.org/10.1093/nar/gku1003
http://www.ncbi.nlm.nih.gov/pubmed/23586463
https://www.ncbi.nlm.nih.gov/pmc/PMC3637064
https://doi.org/10.1186/1471-2105-14-128
https://doi.org/10.1186/1471-2105-14-128
https://doi.org/10.1007/s10593-014-1496-1
https://doi.org/10.1007/s10593-014-1496-1
http://www.ncbi.nlm.nih.gov/pubmed/11099264
https://doi.org/10.1093/bioinformatics/16.8.747
http://www.ncbi.nlm.nih.gov/pubmed/41793600
https://www.ncbi.nlm.nih.gov/pmc/PMC12967552
https://doi.org/10.1007/s11306-026-02411-x
http://www.ncbi.nlm.nih.gov/pubmed/37623830
https://www.ncbi.nlm.nih.gov/pmc/PMC10456568
https://doi.org/10.3390/metabo13080886
http://www.ncbi.nlm.nih.gov/pubmed/5776026
https://doi.org/10.1016/S0022-3565(25)28209-X
http://www.ncbi.nlm.nih.gov/pubmed/34679665
https://www.ncbi.nlm.nih.gov/pmc/PMC8533117
https://doi.org/10.3390/antiox10101530
https://doi.org/10.21776/ub.biotropika.2025.013.01.02
http://www.ncbi.nlm.nih.gov/pubmed/30819391
https://doi.org/10.1053/j.semnuclmed.2018.11.007
http://www.ncbi.nlm.nih.gov/pubmed/27957775
https://www.ncbi.nlm.nih.gov/pmc/PMC5748329
https://doi.org/10.1002/humu.23155
http://www.ncbi.nlm.nih.gov/pubmed/41315867
https://doi.org/10.1038/s41576-025-00908-0
http://www.ncbi.nlm.nih.gov/pubmed/30311385
https://doi.org/10.1002/humu.23646


Mulkiya Yuliawati K et al. Brieflands

16 Iran J Pharm Res. 2026; 25(1): e169725

experimental verification. Curr Comput Aided Drug Des.

2024;22(2):106-120. [PubMed ID: 39492775].
https://doi.org/10.2174/0115734099325919241025023026.

29. Zhang X, Li X, Li H, Zhou M, Zhang Y, Lai W, et al. Investigation of the
potential mechanism of Alpinia officinarum Hance in improving
type 2 diabetes mellitus based on network pharmacology and
molecular docking. Evid Based Complement Alternat Med.
2023;2023(1). 4934711. [PubMed ID: 36818229]. [PubMed Central ID:
PMC9935802]. https://doi.org/10.1155/2023/4934711.

30. Zheng X, Zhang Y, Xu J, Li X, Wen H, Zhang X, et al. Exploring the
underlying mechanism of Alpinia officinarum Hance ameliorating
diabetic gastroparesis through combining network pharmacology,
molecular docking, and in vivo experimental verification. Front Biosci

(Landmark Ed). 2023;28(8). 164. [PubMed ID: 37664921].
https://doi.org/10.31083/j.fbl2808164.

31. Li X, Zhou M, Chen W, Sun J, Zhao Y, Wang G, et al. Integrating
network pharmacology, bioinformatics, and experimental validation

to unveil the molecular targets and mechanisms of galangin for
treating hepatocellular carcinoma. BMC Complement Med Ther.
2024;24(1). 208. [PubMed ID: 38816744]. [PubMed Central ID:
PMC11137903]. https://doi.org/10.1186/s12906-024-04518-x.

32. Wang L, Nie Y, Chen H, Sun J, Hu M, Xu Y, et al. A network
pharmacology approach to investigate the underlying mechanisms
of Alpinia katsumadai Hayata on acne vulgaris. E3S Web Conf.
2021;251:2060. https://doi.org/10.1051/e3sconf/202125102060.

33. Zhang S, Yang Y, Zhang R, Gao J, Wu M, Wang J, et al. The potential
mechanism of Alpiniae oxyphyllae fructus against hyperuricemia:
an integration of network pharmacology, molecular docking,
molecular dynamics simulation, and in vitro experiments. Nutrients.
2025;17(1):71. [PubMed ID: 39796505]. [PubMed Central ID:
PMC11723258]. https://doi.org/10.3390/nu17010071.

34. Yue C, Zhang K, Liu Z, Lü W, Guo H, Zhao L, et al. The role of the TLR4-
MyD88 signaling pathway in the immune response of the selected

scallop strain "Hongmo No. 1" to heat stress. Animals. 2024;14(3):497.
[PubMed ID: 38338140]. [PubMed Central ID: PMC10854496].
https://doi.org/10.3390/ani14030497.

35. Horng T, Barton GM, Medzhitov R. TIRAP: an adapter molecule in the
Toll signaling pathway. Nat Immunol. 2001;2(9):835-841. [PubMed ID:
11526399]. https://doi.org/10.1038/ni0901-835.

36. Laird MHW, Rhee SH, Perkins DJ, Medvedev AE, Piao W, Fenton MJ, et
al. TLR4/MyD88/PI3K interactions regulate TLR4 signaling. J Leukoc

Biol. 2009;85(6):966-977. [PubMed ID: 19289601]. [PubMed Central ID:
PMC2698589]. https://doi.org/10.1189/jlb.1208763.

37. Santa-María C, López-Enríquez S, Montserrat-de la Paz S, Geniz I,
Reyes-Quiroz ME, Moreno M, et al. Update on anti-inflammatory
molecular mechanisms induced by oleic acid. Nutrients.
2023;15(1):224. [PubMed ID: 36615882]. [PubMed Central ID:
PMC9824542]. https://doi.org/10.3390/nu15010224.

38. Truong VL, Bae YJ, Rarison RHG, Bang JH, Park SY, Jeong WS. Anti-

inflammatory and antioxidant activities of lipophilic fraction from
Liriope platyphylla seeds using network pharmacology, molecular
docking, and in vitro experiments. Int J Mol Sci. 2023;24(19):14958.
[PubMed ID: 37834406]. [PubMed Central ID: PMC10573744].
https://doi.org/10.3390/ijms241914958.

39. Wahnou H, Chgari O, Ndayambaje M, Hba S, Ouadghiri Z, Limami Y,
et al. Carrageenan and TLR4 crosstalk: a comprehensive review of
inflammatory responses in animal models. Recent Adv Inflamm

Allergy Drug Discov. 2025;19(1):7-15. [PubMed ID: 40195700].
https://doi.org/10.2174/0127722708303188240708071523.

40. Cai J, Zhu W, Xue J, Ma Y, Li K, Zhang L, et al. A comprehensive analysis
of chemical composition and anti-inflammatory effects of cassava
leaf extracts in two varieties in Manihot esculenta Crantz. Int J Mol

Sci. 2025;26(9):4140. [PubMed ID: 40362388]. [PubMed Central ID:
PMC12071432]. https://doi.org/10.3390/ijms26094140.

41. Ren J, Chung SH. Anti-inflammatory effect of alpha-linolenic acid and

its mode of action through the inhibition of nitric oxide production
and inducible nitric oxide synthase gene expression via NF-kappaB
and mitogen-activated protein kinase pathways. J Agric Food Chem.
2007;55(13):5073-5080. [PubMed ID: 17542608].
https://doi.org/10.1021/jf0702693.

42. Cambiaggi L, Chakravarty A, Noureddine N, Hersberger M. The role of
alpha-linolenic acid and its oxylipins in human cardiovascular
diseases. Int J Mol Sci. 2023;24(7):6110. [PubMed ID: 37047085].

[PubMed Central ID: PMC10093787].
https://doi.org/10.3390/ijms24076110.

43. Zhu X, Wang B, Zhang X, Chen X, Zhu J, Zou Y, et al. Alpha-linolenic
acid protects against lipopolysaccharide-induced acute lung injury
through anti-inflammatory and anti-oxidative pathways. Microb

Pathog. 2020;142. 104077. [PubMed ID: 32084579].
https://doi.org/10.1016/j.micpath.2020.104077.

44. Saeed NM, El-Demerdash E, Abdel-Rahman HM, Algandaby MM, Al-

Abbasi FA, Abdel-Naim AB. Anti-inflammatory activity of methyl
palmitate and ethyl palmitate in different experimental rat models.
Toxicol Appl Pharmacol. 2012;264(1):84-93. [PubMed ID: 22842335].
https://doi.org/10.1016/j.taap.2012.07.020.

45. Hamed AB, Mantawy EM, El-Bakly WM, Abdel-Mottaleb Y, Azab SS.
Putative anti-inflammatory, antioxidant, and anti-apoptotic roles of
the natural tissue guardian methyl palmitate against isoproterenol-
induced myocardial injury in rats. Futur J Pharm Sci. 2020;6(1). 31.

https://doi.org/10.1186/s43094-020-00044-y.

46. Dugasani S, Pichika MR, Nadarajah VD, Balijepalli MK, Tandra S,
Korlakunta JN. Comparative antioxidant and anti-inflammatory
effects of [6]-gingerol, [8]-gingerol, [10]-gingerol, and [6]-shogaol. J

Ethnopharmacol. 2010;127(2):515-520. [PubMed ID: 19833188].
https://doi.org/10.1016/j.jep.2009.10.004.

47. Bischoff-Kont I, Primke T, Niebergall LS, Zech T, Fürst R. Ginger
constituent 6-shogaol inhibits inflammation- and angiogenesis-

related cell functions in primary human endothelial cells. Front

Pharmacol. 2022;13. 844767. [PubMed ID: 35281937]. [PubMed Central
ID: PMC8914105]. https://doi.org/10.3389/fphar.2022.844767.

48. Kim HR, Noh EM, Kim SY. Anti-inflammatory effect and signaling
mechanism of 8-shogaol and 10-shogaol in a dextran sodium sulfate-
induced colitis mouse model. Heliyon. 2023;9(1). e12778. [PubMed ID:
36647352]. [PubMed Central ID: PMC9840358].
https://doi.org/10.1016/j.heliyon.2022.e12778.

49. Kode J, Maharana J, Dar AA, Mukherjee S, Gadewal N, Sigalapalli DK, et
al. 6-Shogaol exhibits anti-viral and anti-inflammatory activity in
COVID-19-associated inflammation by regulating NLRP3
inflammasomes. ACS Omega. 2023;8(2):2618-2628. [PubMed ID:
36687062]. [PubMed Central ID: PMC9850479].
https://doi.org/10.1021/acsomega.2c07138.

50. Kim TW, Lee HG. Anti-inflammatory 8-shogaol mediates apoptosis by
inducing oxidative stress and sensitizes radioresistance in gastric

cancer. Int J Mol Sci. 2024;26(1):173. [PubMed ID: 39796030]. [PubMed
Central ID: PMC11719885]. https://doi.org/10.3390/ijms26010173.

51. Raj CA, Ragavendran P, Sophia D, Rathi MA, Gopalakrishnan VK.
Evaluation of in vitro antioxidant and anticancer activity of Alpinia
purpurata. Chin J Nat Med. 2012;10(4):263-268.
https://doi.org/10.1016/S1875-5364(12)60053-3.

52. Oka Y, Nakajima K, Nagao K, Miura K, Ishii N, Kobayashi H. 293FT cells
transduced with four transcription factors (OCT4, SOX2, NANOG, and

LIN28) generate aberrant ES-like cells. J Stem Cells Regen Med.
2010;6(3):149-156. [PubMed ID: 24693156]. [PubMed Central ID:
PMC3908262]. https://doi.org/10.46582/jsrm.0603008.

53. Sharma S. Pharmacological mechanism of indigenous herb Exacum
lawii on cisplatin-instigated toxicity in human embryonic kidney
cells (HEK-293). Phytomed Plus. 2023;3(2). 100454.
https://doi.org/10.1016/j.phyplu.2023.100454.

https://brieflands.com/journals/ijpr/articles/169725
http://www.ncbi.nlm.nih.gov/pubmed/39492775
https://doi.org/10.2174/0115734099325919241025023026
http://www.ncbi.nlm.nih.gov/pubmed/36818229
https://www.ncbi.nlm.nih.gov/pmc/PMC9935802
https://doi.org/10.1155/2023/4934711
http://www.ncbi.nlm.nih.gov/pubmed/37664921
https://doi.org/10.31083/j.fbl2808164
http://www.ncbi.nlm.nih.gov/pubmed/38816744
https://www.ncbi.nlm.nih.gov/pmc/PMC11137903
https://doi.org/10.1186/s12906-024-04518-x
https://doi.org/10.1051/e3sconf/202125102060
http://www.ncbi.nlm.nih.gov/pubmed/39796505
https://www.ncbi.nlm.nih.gov/pmc/PMC11723258
https://doi.org/10.3390/nu17010071
http://www.ncbi.nlm.nih.gov/pubmed/38338140
https://www.ncbi.nlm.nih.gov/pmc/PMC10854496
https://doi.org/10.3390/ani14030497
http://www.ncbi.nlm.nih.gov/pubmed/11526399
https://doi.org/10.1038/ni0901-835
http://www.ncbi.nlm.nih.gov/pubmed/19289601
https://www.ncbi.nlm.nih.gov/pmc/PMC2698589
https://doi.org/10.1189/jlb.1208763
http://www.ncbi.nlm.nih.gov/pubmed/36615882
https://www.ncbi.nlm.nih.gov/pmc/PMC9824542
https://doi.org/10.3390/nu15010224
http://www.ncbi.nlm.nih.gov/pubmed/37834406
https://www.ncbi.nlm.nih.gov/pmc/PMC10573744
https://doi.org/10.3390/ijms241914958
http://www.ncbi.nlm.nih.gov/pubmed/40195700
https://doi.org/10.2174/0127722708303188240708071523
http://www.ncbi.nlm.nih.gov/pubmed/40362388
https://www.ncbi.nlm.nih.gov/pmc/PMC12071432
https://doi.org/10.3390/ijms26094140
http://www.ncbi.nlm.nih.gov/pubmed/17542608
https://doi.org/10.1021/jf0702693
http://www.ncbi.nlm.nih.gov/pubmed/37047085
https://www.ncbi.nlm.nih.gov/pmc/PMC10093787
https://doi.org/10.3390/ijms24076110
http://www.ncbi.nlm.nih.gov/pubmed/32084579
https://doi.org/10.1016/j.micpath.2020.104077
http://www.ncbi.nlm.nih.gov/pubmed/22842335
https://doi.org/10.1016/j.taap.2012.07.020
https://doi.org/10.1186/s43094-020-00044-y
http://www.ncbi.nlm.nih.gov/pubmed/19833188
https://doi.org/10.1016/j.jep.2009.10.004
http://www.ncbi.nlm.nih.gov/pubmed/35281937
https://www.ncbi.nlm.nih.gov/pmc/PMC8914105
https://doi.org/10.3389/fphar.2022.844767
http://www.ncbi.nlm.nih.gov/pubmed/36647352
https://www.ncbi.nlm.nih.gov/pmc/PMC9840358
https://doi.org/10.1016/j.heliyon.2022.e12778
http://www.ncbi.nlm.nih.gov/pubmed/36687062
https://www.ncbi.nlm.nih.gov/pmc/PMC9850479
https://doi.org/10.1021/acsomega.2c07138
http://www.ncbi.nlm.nih.gov/pubmed/39796030
https://www.ncbi.nlm.nih.gov/pmc/PMC11719885
https://doi.org/10.3390/ijms26010173
https://doi.org/10.1016/S1875-5364(12)60053-3
http://www.ncbi.nlm.nih.gov/pubmed/24693156
https://www.ncbi.nlm.nih.gov/pmc/PMC3908262
https://doi.org/10.46582/jsrm.0603008
https://doi.org/10.1016/j.phyplu.2023.100454


Mulkiya Yuliawati K et al. Brieflands

Iran J Pharm Res. 2026; 25(1): e169725 17

54. Al-Horani RA, Aliter KF. Triple action of lignosulfonic acid sodium:

anti-protease, antioxidant, and anti-inflammatory effects of a
polymeric heparin mimetic. Med Chem. 2024;20(4):414-421. [PubMed
ID: 38192144]. [PubMed Central ID: PMC11228124].
https://doi.org/10.2174/0115734064275120231222111145.

55. Aletaha S, Haddad L, Roozbehkia M, Bigdeli R, Asgary V, Mahmoudi M,
et al. M2000 (beta-D-mannuronic acid) as a novel antagonist for
blocking the TLR2 and TLR4 downstream signalling pathway. Scand J

Immunol. 2017;85(2):122-129. [PubMed ID: 27943385].

https://doi.org/10.1111/sji.12519.

56. Chandrakanthan M, Handunnetti SM, Premakumara GSA,
Kathirgamanathar S. Topical anti-inflammatory activity of essential
oils of Alpinia calcarata Rosc., its main constituents, and possible
mechanism of action. Evid Based Complement Alternat Med.
2020;2020(1). 2035671. [PubMed ID: 32419793]. [PubMed Central ID:
PMC7204338]. https://doi.org/10.1155/2020/2035671.

https://brieflands.com/journals/ijpr/articles/169725
http://www.ncbi.nlm.nih.gov/pubmed/38192144
https://www.ncbi.nlm.nih.gov/pmc/PMC11228124
https://doi.org/10.2174/0115734064275120231222111145
http://www.ncbi.nlm.nih.gov/pubmed/27943385
https://doi.org/10.1111/sji.12519
http://www.ncbi.nlm.nih.gov/pubmed/27943385
https://doi.org/10.1111/sji.12519
http://www.ncbi.nlm.nih.gov/pubmed/32419793
https://www.ncbi.nlm.nih.gov/pmc/PMC7204338
https://doi.org/10.1155/2020/2035671

